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Addressing antibiotic use is essential to tackle antimicrobial resistance, a major human
and animal health challenge. This review seeks to inform stewardship efforts in
companion animals by collating research insights regarding antibiotic use in this group
and identifying overlooked avenues for future research and stewardship efforts. The
development of population-basedmethods has established that antibiotics are frequently
used in companion animal care. Research insights are also contributing toward an
in-depth comprehension of the contexts to antibiotic use. Qualitative approaches, for
example, have enabled a nuanced understanding in four key areas: interactions with
owners, clinical and financial risk management, time pressures, and clinic dynamics.
This review identifies that much of the existing research frames antibiotic use as the
result of choices made by the individuals at the interface of their use. Future research
and policy endeavours could look beyond the moment of prescribing to consider the
societal structures and networks in which companion animal antibiotic use is entangled.
A diversification in research approaches and frameworks through which antibiotic use is
understood will facilitate the identification of additional targets for stewardship initiatives
beyond providing information and awareness campaigns.
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INTRODUCTION
Antibiotic use in both human and animal populations is coming under increasing scrutiny due
to its role as a driver in the emergence of antimicrobial resistance (AMR), a phenomena through
which bacteria have or acquire the ability to withstand the effects of these important medicines
(1). As well as sharing lives and living spaces, people and companion animals also share resistant
bacteria (2, 3) and medicines, with many antibiotic classes being used in both populations (4, 5).
Use of antibiotics in companion animals could be an important driver of AMR relevant to human
health, that has largely been overlooked by major policy responses (3, 6). As a consequence,
addressing antibiotic use–particularly those deemed to be of highest priority critically importance
(HPCIAs)–in companion animals is becoming of increasing policy interest (7–9).
This review provides an overview of the evolving approaches for understanding of antibiotic use
in companion animals and the insights arising from this research. This is with two aims: firstly,
to provide a companion animal specific synthesis, as whilst a recent systematic review synthesised
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quantitative and qualitative findings regarding the non-clinical
factors influencing veterinarian antibiotic use (10), a companion
animal sub-analysis was not undertaken. An in-depth overview
of this unique context–less driven by the “rational” cost-
benefit decisions of the livestock sector, for example–in which
antibiotic use is situated remains needed. Secondly, this review
considers the vantage points used to understand antibiotic
use. It is concerned with not only what these studies found
in terms of explaining antibiotic use, but also how they
framed this phenomenon and went about investigating it.
This is important because it, in turn, shapes the proposed
responses to antibiotic use. It therefore aids the identification
of currently overlooked vantage points and avenues for
future interventions.
STUDY DESIGN
This review is a narrative review conducted in a systematic
manner. Studies were identified via searches of PubMed, CAB
Abstracts, Google scholar, reference list and citation searching.
The International Standard Randomised Controlled Trials
Number clinical trial registry was scrutinised and investigators of
trials in progress contacted for further details. Searches were last
conducted in April 2021 and comprised of search terms including
veterinarian OR veterinary) AND (companion OR small OR
pet∗) AND (antibiotic∗ OR antimicrobial∗).
Supplementary Table 1 describes the eligibility criteria
applied. Eligible studies must consider antibiotic use by
companion animal veterinarians. Commentaries or reviews
with no primary data were excluded, as were papers describing
resistant bacteria found in companion animals; the latter were
deemed beyond the scope of this article. No arbitrary start
date for studies to be considered for inclusion was set. Data
regarding the study authors, population, methods, intervention
design and findings were extracted into a standardised template
in excel and synthesised. Data extraction was not checked by
a second reviewer, nor were formal quality and risk of bias
assessments undertaken.
In order to consider how studies have framed antibiotic
use in companion animals, a new framework based on social
research into antibiotic use around the world, was applied
(11). The framework proposes three complimentary vantage
points from which to understand and address antibiotic
use (Table 1).
FINDINGS
The characteristics of the 83 studies identified in the preparation
of this review are summarised in the Supplementary Table 2.
There has been an increase in the number of papers published
in this field, particularly since 2017. Research has been primarily
conducted in Europe and Australia. Few studies took place in
Africa and South America, with none identified in Asia. In recent
years, there has been a move toward qualitative studies and those
considering the perspectives and experiences of social actors
other than veterinarians.
TABLE 1 | Vantage points from which to understand antibiotic use in companion
animals. Adapted from Tompson and Chandler (11).
Vantage point Description
Practices • Focuses on antibiotic use at end user level and the context
in which this occurs.
• Interventions often change behaviour and practice by
altering the context in which individuals make decisions
about antibiotic use.
• Interventions might include: improving communication
between veterinarians and owners, providing information
on medicines, awareness/ education tailored to local
understandings of ill health and treatment, adjusting
practitioner renumeration arrangements.
Structures • Considers antibiotic use as a product of the economic and
political conditions of modern societies.
• Interventions modify these underlying conditions and so
reduce the need for antibiotics to be used as quick fixes for
productivity, hygiene, and inequality (12).
• Interventions might include: improving providing affordable,
accessible veterinary care through social insurance,
addressing intensive breeding practices, and social
demands for unhealthy companion animal breeds.
Networks • Draws attention to the networks of materials and ideas
that connect humans and non-humans-animals, medicines,
microbes, technologies-that extend through time and space
far beyond the moment of antibiotic use.
• Interventions redesign networks and tracks that define
antibiotic use.
• Interventions might include: reconfiguring veterinary
pathways/protocols, rerouting the supply chain of
veterinary products and medicines; adjusting
accountability frameworks.
Establishing Antibiotic Usage Patterns
Over the last 20 years or so, our epidemiological understanding
of antibiotic use in companion animals has greatly advanced.
Early efforts relied on sales records to produce population level
estimates of usage as part of integrated antibiotic use surveillance
programmes in Nordic countries (13–15). Such approaches are
able to monitor longitudinal changes in use (16, 17) and make
international comparisons (18) but are unable to comment on the
clinical context of their usage or its appropriateness. Meanwhile,
smaller scale studies described patterns of antibiotic use based
on data extracted from the clinical or prescribing records
of veterinary hospitals and clinics (19–28). These methods
produce local insights into antibiotic practices but the use of
teaching hospitals, in some case, limits the generalisability of
their findings. A third methodological approach was to survey
veterinarians regarding their typical antibiotic usage (29–36) or
about their usage in recent patient cases (37–40). These enabled
the estimation of usage levels and exploration of variation
in practices but are subject to selection bias as volunteering
veterinarians might not be representative of their profession
and, furthermore, their responses might be influenced by social
desirability bias.
Supported by developments in information technology
infrastructures, two UK-based surveillance systems have been
crucial in furthering our understanding of antibiotic use in
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companion animals. VetCompassTM (Royal Veterinary College,
RVC) and SAVSNET (Liverpool University) collate data from the
electronic patient records of hundreds of first opinion veterinary
clinics (41, 42) enabling larger, multi-site studies of antibiotic
use (4, 43–45) and quantification of variation in use between
clinics (44–46), a phenomenon also observed in other countries
(47–49). Analyses have also considered the utilisation of specific
antibiotics (46, 50, 51) and their role in specific conditions (52–
56). In Australia, the VetCompassTM methodology has recently
been extended to include the automation of free text labelling
to describe diagnostic categories (57–59), paving the way for
studies investigating appropriate use in large datasets derived
from clinical records (49).
In the UK, VetCompassTM and SAVSNET studies agree
that antibiotics are frequently used in companion animal care
with broad-spectrum amoxicillin-clavulanate being the most
commonly prescribed agent in dogs. Over a two-year period,
one in four UK dogs (25.2%, 95% confidence interval (CI): 25.1–
25.3%) received antibiotics (4). HPCIAs have been estimated to
make up around 5–6% of total events with fluoroquinolones
being themost commonly used HPCIA in dogs, constituting∼4–
5% of total antibiotic events (4, 45). One in five cats (20.6%, 95%
CI: 20.5–20.7) received antibiotics over a 2-year time frame with
HPCIA use accounting for 34.6% of antibiotic events (4). This
was largely driven by the use of cefovecin, an injectable, long
acting formulation that was the most frequently used antibiotic
in cats (4, 45). In both UK dog and cat populations, antibiotic
use is gradually declining (45, 60), a trend that has also been
observed in other countries (17, 18, 61, 62). Although, there
has been a reduction in antibiotic use, there is still room for
further improvement.
Explaining Antibiotic Use
The following sections are organised by the methodological
approach of the reviewed research.
Quantitative Methods
To date, surveys of veterinarians form the majority of the
literature and have been used to investigate the contexts in which
antibiotics are used. They have acknowledged that this extends
beyond solely clinical factors with respondents being asked to
report or rank factors influencing their antibiotic use (33, 34, 63–
68). These efforts all fall within the practices perspective of
understanding antibiotic utilisation (11).
Supplementary Tables 3–5 provide summaries of the studies
that ranked factors influencing antibiotic use or produced
estimates of association with non-clinical factors. A survey of UK
companion animal veterinarians found that clinical presentation
was the most important factor, followed by bacterial culture,
ease of antibiotic administration, and financial constraints, with
client expectations being the least important (69). Echoing these
findings, client expectations for antibiotics have been ranked as
a minor influence across a number of studies and settings. These
include UK veterinarians in perioperative situations (63), those
working at US veterinary teaching hospitals (34, 64), a variety
of settings in Australia (68, 70) and the Netherlands (71), and
first opinion clinics in Belgium (33). Whilst a high proportion
of a sample of Australian veterinarians reported experiencing
client pressure to prescribe, they also stated that their clients’
and colleagues’ expectations had minimal influence on their
antibiotic use (70). However, in another Australian study, the
most frequently selected factor limiting antibiotic stewardship
was client pressure (24% of 97 respondents) with client finances
in third place (11%) (72). Veterinarians also rated economic
factors as of low importance when deciding whether/which
antibiotics to use in European settings (33, 71). When surveyed,
only a small minority (9%) of a sample of Flemish veterinarians (n
= 284) felt financial restrictions—presumably of the client—were
an important factor (33). However, in a survey of veterinarians (n
= 54) in South Africa, a middle-income country, 77% reported
that cost influenced their choice of antibiotics (73). In terms of
profit from antibiotic sales, almost three-quarters of veterinarians
surveyed in Australia (72%, n= 172) strongly disagreed that this
influenced their decision to prescribe (72).
Veterinarian Characteristics
Information about the veterinarian respondents themselves has
also been collected in order to ask questions such as, “What type
of veterinarian is more likely to use antibiotics appropriately?” In
a UK study, Hughes et al. (69) reported that the odds of clinicians
(n= 460) working in a veterinary referral hospital prescribing the
incorrect antibiotics dose were half of those of veterinarians who
did not [odds ratio (OR): 0.5, 95% CI: 0.3–0.8], whilst locums
were more likely to prescribe antibiotics off-label than clinic
partners (OR: 4.8, 95% CI: 1.3–18.0). In Australia, Hardefeldt
et al. (32) found that in response to hypothetical clinical vignettes,
88% of the reported use of HPCIAs was contained within the
replies of 50% of surveyed companion animal veterinarians (with
the other half of respondents reporting just 12% of HPCIA use)
(total sample size = 892). However, no differences between the
year of graduation or postcode-derived socio-economic variables
were observed between these groups. Across all veterinary
sectors, a systematic review concluded that socio-demographic
characteristics did not appear to influence antibiotic use (10).
Use of Information
When investigating which veterinarians are more likely to use
antibiotics appropriately, another area of interest has been the
information sources they draw upon, e.g., clinical experience,
pre-/post-qualification education, and the published literature
(33, 63, 69, 73–76). UK companion animal veterinarians
reporting use of pharmaceutical company information were
found to be more likely to prescribe second- and third-
generation cephalosporins compared to those who did not
(OR: 1.87, 95% CI: 1.04–3.37) (69). However, when asked
directly, Australian veterinarians stated that manufacturer
promotional material had minimal or no impact on their
antibiotic prescribing (70), a finding echoed by UK experts
(77). These findings highlight a limitation of relying on self-
reported data and expecting veterinarians to be aware of–
and able to articulate–the prevailing conditions shaping their
antibiotic practices.
Linked to the interest in the role of information and education
in guiding appropriate antibiotic use, a number of surveys
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have studied veterinarians’ knowledge, attitudes, and beliefs
surrounding antibiotic use and AMR (68, 70, 78, 79). When
Australian veterinarians of all sectors were surveyed, Norris et al.
(70) found that the greatest disconnect between personal use of
antibiotics and concerns about AMR was shown by companion
animal veterinarians. Recently, the adequacy of veterinary
undergraduate education in this regard has come under scrutiny,
with student knowledge regarding appropriate antibiotic use
being deployed as a surrogate measure for subsequent practice
(80, 81). These surveys are typically characterised by low response
rates introducing the possibility of self-selection bias. Therefore,
it is questionable how representative and generalisable the
results are.
The Role of Clinic Policies and Guidelines
Another form of information available to veterinarians are
clinical guidelines and policies. The introduction of guidelines
is positioned as a key step in optimising antibiotic use (82).
Professional organisations such as the British Veterinary
Association, the British Small Animal Veterinary Association,
and the Federation of European Companion Veterinary
Associations have provided guidance on appropriate antibiotic
use (83–85). Surveys–now possibly outdated–suggest that a
minority of UK small animal clinics have local antibiotic use
policies (65, 69), an observation replicated elsewhere in the world
(36, 66, 72, 76, 86, 87). Encouragingly, two-thirds of a sample
(n = 71) of UK veterinary students had heard of the British
Veterinary Association’s “Responsible Use of Antimicrobials”
guideline (80). However, a survey of 254 American veterinarians
conducted in 2015 found 88% were unaware of the existence
of professional antibiotic use guidelines, with over three-
quarters welcoming more guidance in this area (78). In
Australia, livestock veterinarians typically indicated guideline
recommendations as having a “strong” influence on their
antibiotic decisions, whilst their companion animal counterparts
rated them as a “moderate” influence (70). This suggests that
the impact of introducing guidelines might vary between
veterinary sectors.
Jessen et al. (66) investigated the impact of the introduction
of Danish prescribing guidelines for companion animal
veterinarians (n = 151). Almost two-thirds (65%) of the
respondents reported the guidelines had altered their habits. The
main barriers to adherence were: confidence in old prescribing
practices (46%); unavailability of licenced products (34%);
difficulties dosing the drug (e.g., due to limited tablet sizes)
(31%); costs (30%); lack of time for consulting the guidelines
(25%); a limited number of antibiotics available on site (23%);
and owners’ difficulties in administering drugs (18%). These
findings hint at the potential clash between standardised, expert
opinion-based guidelines and individual veterinarian’s empirical
experience amassed over their career working as a largely
autonomous professional (8).
The Interaction of Multiple Contextual Factors
One might ponder how well the complex on-the-ground
realities of providing companion animal veterinary care are
represented by the ranking of individual, stand-alone factors.
Two recent quantitative analyses have used more complex
approaches to investigate how factors might combine to produce
antibiotic use.
Hopman et al. (71) investigated the links between veterinarian
demographics, attitudes, working environment, and antibiotic
use through a Categorical Principal Component Analysis of
survey data. The result was a model with three dimensions:
The first— “social responsibility” —was characterised by well-
considered antibiotic prescribing, self-confidence, independence,
and recognition of their role in public and animal health,
whilst being uninfluenced by owners’ demands and working
in a well-equipped clinic. This dimension was positively
associated with more experienced veterinarians and working
in dedicated companion animal clinics or referral centres.
The second dimension— “scepticism” —was illustrated through
the attitude of “no harm done by trying antibiotics.” It
was linked to risk avoidance behaviours at an individual
animal level and ignorance of the possible AMR risks
derived from antibiotic use in companion animals. This
dimension was positively associated with being male and a
more experienced veterinarian. The final dimension-fear of the
possible consequences of not prescribing antibiotics—illustrated
by a “better safe than sorry” habit especially around surgery and
was associated with veterinarians working full-time and in rural
clinics (71).
Extending their work describing levels of antibiotic use,
the SAVSNET team used multivariable mixed effects logistic
regression to investigate dog-, clinic-, and owner-related factors
influencing the likelihood of prescribing antibiotics in over a
quarter of a million consultations with unwell dogs attending
379 clinics (51). They found that dogs who were vaccinated
(OR: 0.93, 95% CI: 0.90–0.95), insured (OR: 0.87, 95% CI:
0.84–0.90), and neutered (OR: 0.90, 95% CI: 0.88–0.92) were
less likely to receive systemic antibiotics than those who
were not. This suggests a link between owners engaging with
preventative healthcare measures and not using antibiotics,
although this cross-sectional study is unable to demonstrate
a causal pathway. In terms of clinic-related factors, those
treating companion animals and large animals were associated
with significantly increased odds of systemic antibiotic use
compared with companion animal-only practices (OR: 1.15,
95% CI:1.01–1.30). Clinics accredited by the Royal College
of Veterinary Surgeons (RCVS) were also less likely to
prescribe a systemic antibiotic (OR: 0.79, 95% CI: 0.68–0.92).
No clear association between antibiotic use and the owner-
related factors considered—their neighbourhood deprivation,
companion animal population density, and rural or urban
status—were observed. However, the authors noted that the
simplified measure of deprivation used (a collapsed version of
the Index of Multiple Deprivation) may struggle to describe the
realities of owners’ circumstances (51).
These studies begin to consider how contextual factors
combine to produce the environment in which antibiotics are
used. It is debatable how well quantitative methods can describe
these complex, shifting, socially situated practices and in the last
few years, there has been an increased use of qualitative methods
to study this phenomenon.
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TABLE 2 | A summary of qualitative and mixed methods studies investigating antibiotic use in companion animals.
References Theoretical approach Key themes
Veterinarians
Mateus et al. (88)
United Kingdom
Thematic analysis to identify factors associated with antimicrobial
usage.
Intrinsic factors (linked to the veterinarian).
Extrinsic factors I (antimicrobial characteristics, workplace and colleagues at
work).
Extrinsic factors II (characteristics of pet owners and animals).
Cartelet et al. (93)
United Kingdom
Thematic analysis of veterinarians’ experience prescribing
antimicrobials, attitudes about antimicrobials and AMR
Uncertainty, risk and clinical decision making.
Professionalism-authority vs. stewardship?
The client as both adversary and collaborator in consultations.
Stewardship and stress: a difficult balance to strike.
King et al. (94)
United Kingdom
Thematic analysis to identify behavioural drivers of veterinary
prescribing (barriers and facilitators).
Clinical need for antibiotics.
Responding to clients.
Confirming diagnosis.
Determining dose, duration and type of antibiotic.
Preventing infection around surgery (with attendant antibiotic prescribing).
Hopman et al. (89)
Netherlands
An iterative analysis guided by the questions “which factors
influence the decision to prescribe antimicrobials” and “which
factors influence which antimicrobial to prescribe.”
Veterinarian-related factors.
Patient-related (i.e., owner- and animal-related) factors.
Treatment-related factors (i.e., alternative treatment options and
antimicrobial-related factors).
Contextual factors (i.e., professional interactions, further diagnostics and
environmental factors).
Hardefeldt et al. (72)
Australia
Thematic analysis to identify barriers to and enablers of
implementing antimicrobial stewardship programs in veterinary
practices.
Encounters with and perceptions of AMR.
Client expectations of antimicrobial treatment and competition between
clinics.
Costs associated with diagnostic testing.
Lack of resources and access to training.
Hierarchical structure of many clinics.
Lavigne et al. (90)
United States
Thematic analysis to identify the influence of financial
considerations on antibiotic use.
Client willingness to pay for diagnostic testing or treatment interferes with
the ability of veterinarians to make appropriate antibiotic use decisions.
Antibiotic selection is limited by fear of expiration and the resulting financial
losses.
Restricting antibiotic use to “appropriate use” carries financial risks.
Veterinarians and owners
Smith et al. (95)
United Kingdom
A behavioural framework to identify key behaviours emerging from
participant accounts which were amenable to change.
Perceived pressures from owners.
Opportunities to discuss AMR and appropriate prescribing with owners.
Owner’s expectations.
Owner’s understanding of AMR.
Owners
Dickson et al. (91)
United Kingdom
An interpretative phenomenological analysis of the relationship
between owners and their companion animals as a key context for
AMR-related behaviours.
“They’re my fur babies”: unconditional love and anthropomorphism.
“They share everything with you”: affection and transmission behaviours.
“We would err on the side of caution”: decision making and antibiotic use’.
Redding et al. (92)
United States
“Conventional content analysis” of knowledge of and attitudes
towards the judicious use of antimicrobials.
Owner knowledge of antimicrobials and AMR.
Following directions when administering antimicrobials to companion
animals.
Expectations for antimicrobials.
Perceptions of initiatives for the judicious use of antimicrobials.
Use of antimicrobials when their efficacy is ambiguous.
Policy makers, academics and leaders
Currie et al. (77)
United Kingdom
Delphi study to identify veterinary behaviours which experts
believe contribute to AMR and form vital aspects of antimicrobial
stewardship.
The behaviours perceived to be most influential were antibiotic prescribing
(poor choice and unnecessary use) and interactions with clients. Other
veterinary behaviours perceived as less important were interactions with
veterinary colleagues; infection control practices; and diagnostic tests to
confirm infection.
Qualitative Studies
Over ten years after the initial quantitative investigations into
antibiotic use in companion animals, Mateus et al. (88) published
the first qualitative study, in which UK veterinarians were
interviewed. This was followed by similar projects in Australia
(72), the Netherlands (89), and the United States (90). Recently,
researchers have considered the perspectives of other social actors
by interviewing companion animal owners in the UK (91) and
the US (92), enabling a more rounded understanding of decisions
to use antibiotics. There has also been a slight shift away from
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FIGURE 1 | A typical framework through which companion animal antibiotic use has been explained. Adapted from Hopman et al. (89).
research being conducted by veterinarians situated in veterinary
schools (93). For example, a multidisciplinary team—including
social scientists—in Scotland have undertaken a programme of
research into antibiotic use in companion animals. Their interest
has extended beyond veterinarians (94) to veterinarians and
owners (95) and owners at home (90). They have also considered
the perspectives of policy makers and the “experts” (77). In doing
so, antibiotic “misuse” is rendered less of a clinical problem
that veterinarians, alone, are able to define, study, and propose
answers to.
These qualitative studies use descriptive, thematic coding
to produce lists of factors or themes shaping antibiotic use
with authors making limited use of social theory (Table 2).
They typically adopt a practices perspective—in which antibiotic
use is positioned as the result of choices made by individuals
(11) (Figure 1). In the section below, the contribution these
qualitative studies have made in providing a more nuanced
understanding of antibiotic use based on insight provided in the
following areas: interactions with owners, clinical and financial
risk management, time pressures, and clinic dynamics.
Interactions With Owners
Much of this research has been undertaken from the perspective
of veterinarians. Based on interviews with companion animal
veterinarians, Mateus et al. (88) identified three main ways in
which owners shape antibiotic prescribing: their (veterinarian-
perceived) compliance with drug administration instructions;
their willingness or ability to pay for medicines or diagnostics;
and their expectations and the pressure they exert on
veterinarians to provide antibiotics. These findings were
replicated by Hopman et al. (89) whose veterinarian interviewees
also described the influence of owner convenience. Lavigne et al.
(90) reiterated how owner reluctance to pay for diagnostic testing
and treatment act as barriers to “appropriate” antibiotic use. They
reported how economic concerns may prompt animal euthanasia
if antibiotic use is restricted (90).
Qualitative studies add more nuance to the representations
of veterinarians being under a constant, unyielding pressure to
prescribe antibiotics from owners (96). When interviewed, UK
veterinarians reported that it was “increasingly rare” for owners
to directly ask for antibiotics (94) and, if they did, most would
accept veterinarian recommendation that they might not be
needed (93). A study that considered the perspectives of both
veterinarians and owners found that the former felt the latter
applied pressure for antibiotics, whilst the latter felt the former
were responsible for “overuse” (95). Furthermore, the perceived
owner anxiety and expectation for antibiotics were often inferred
by veterinarians, rather than explicitly stated by owners (95).
Clients—and their desire for their companion animal to
recover quickly—have been framed as an obstacle to appropriate
antibiotic prescribing (95). Having interviewed veterinarians,
King et al. (94) described how owners see antibiotics as a clear
pathway to their animals’ recovery, avoiding having to “wait
it out” to see if they recovered. Mateus et al. (88) reported a
mismatch between what veterinarians felt they should be doing as
professionals with regards to antibiotic use and their perception
of what owners expected, i.e., affordable care and a “quick fix” for
their companion animal.
Studies of owner perspectives have provided further insight
into this “pressure.” Smith et al. (95) described how owners
were pushed into making financial and other sacrifices to
ensure their companion animal—a family member—got better.
The owners interviewed described experiencing their animal’s
suffering viscerally (95). Dickson et al. (91) reported how owners
anticipated feelings of “intolerable guilt” if their companion
animal died due to their complacency. Minimising their
companion animal’s suffering and getting their veterinarian to
realise how sick their pet was were key concerns amongst US
owners (92). Adopting the “better safe than sorry” approach may
help reduce the immediate anxiety of owners whilst supporting
antibiotic use (91).
Managing Clinical and Financial Risk
Echoing this “better safe than sorry” approach of owners,
veterinarian interviewees also described cautionary prescribing
of antibiotics to mitigate against potential future clinical
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complications, especially if existing patterns of antibiotic use
were known to work (94). Cartelet et al. (93) reported how
veterinarian’s decision making is fraught with uncertainty and
the focus is typically on lowering the perceived risk to the
individual companion animal. A Dutch veterinarian described
how “I think it is because it has become a habit and because one
is afraid to leave it out in case it would then go wrong” (88. p.
109). In addition to managing clinical risk, antibiotics were also
used to help reduce the risk of dissatisfied owners seeking care
elsewhere (88). Smith et al. (95) described the tension between
appropriate antibiotic use, client satisfaction, and running a
viable business. In the United States, Lavigne et al. explained the
potential financial penalties associated by veterinarians with not
meeting owner demands for antibiotics (90). They also reported
how concerns regarding financial losses arising from product
expiration influenced the types and amounts of antibiotics
stocked and therefore available for use by veterinarians (90).
Time Pressures
Qualitative studies have provided insight into the time pressures
faced by companion animal veterinarians. Time constraints—
linked to fixed duration consultations—hamper in-depth
conversations and the undertaking of in house diagnostic testing
to guide treatment plans (88). Veterinarians also described the
implicit assumption that owners would want the most effective
and quickest treatment in order to return their companion
animal to good health (94). Dutch veterinarians reported
prescribing antibiotics as a “quick fix” for themselves and/or
owners (89).
Clinic Dynamics
Beyond the consultation, qualitative studies have begun to
investigate the broader context in which antibiotics are used.
Hardefeldt et al. (72) reported the hierarchical structure of
many clinics to be a major barrier to antimicrobial stewardship,
although no further details were provided. Mateus et al. (88)
described the general influence of senior veterinarians have
in mentoring and supporting less experienced colleagues in
handling complex clinical cases, whilst Hopman et al. (89) found
younger graduates were more likely to be prudent users of
antibiotics. King quotes a senior veterinarian who explained “the
new grads are initially more prone to not give antibiotics because
they were taught, well-actually it’s bad, and they stand their
ground more. But then as they get in to practice and get more
experience andmaybe they just get worn down ormaybe the daily
life... then they start giving antibiotics more loosely” [King et al.,
(94), p. 5]. Meanwhile Hopman et al. (89) quotes a more junior
colleague who said “look, I am always happy to talk about the
matter [antibiotic use], but it remains his word. Nevertheless, to
put things bluntly, I must do what he says if I want to keep my
job” (88. p. 110).
These qualitative studies have provided additional insight
into antibiotic use by companion animal veterinarians and have
begun to consider broader social context. However, echoing the
quantitative studies, their framing is typically orientated around
practices and have made limited used of social theory as a “tool”
to help unpick the complexities of antibiotic use.
DISCUSSION
This review has drawn together the growing body of literature
seeking to understand antibiotic use in companion animals.
Research has used quantitative and, increasingly, qualitative
methods to investigate the contexts and social practises
surrounding their utilisation, recognising that it is not a
purely clinical matter. Despite the increasing range of methods
used, research efforts remain orientated around understanding
antibiotic use through the lens of practices—concerned with the
individuals involved in decision-making about their use (11).
From Reported Behaviours to Enacted
Practices
In addition to the shared framing of antibiotic use, the
studies identified adopt the same philosophical starting point of
positivism: as with much public health research, they expect the
social world to be understandable by revealing sets of factors or
rules, in the same way that the natural world can be understood.
It presumes that these rules can become known through self-
reporting; that individuals, when asked, can account for their
behaviour. However, this mode of understanding the social world
has been countered, partly as knowledge and beliefs rarely predict
behaviour, but also because social phenomena tend to operate in
registers that are invisible and illegible to those operating within
them (97–99).
For example, this review collated mixed findings regarding
the role of owners in influencing veterinarian antibiotic use.
Some studies concluded this influence is unimportant whilst
others positioned owners as a major barrier to enacting antibiotic
stewardship. Qualitative studies have begun to render visible
circulating expectations in this regard but interviewees may
struggle to fully articulate the complexities of veterinarian-
owner-animal encounters and the taken-for-granted, “common
sense” at play. Ethnography, including participant observation,
has recently been used to investigate antibiotic use in companion
animals for the first time (46, 100). Such methodologies are able
to study enacted practices—rather than reported behaviours—
rendering visible the easily overlooked and thus making a
valuable contribution in understanding antibiotic use and
identifying targets for intervention (101).
Overlooking Social Networks and
Structures
Reflecting the prevailing practices vantage point (11) identified
by this review, the recent systematic review of veterinarian
antibiotic use structured its findings as factors intrinsic or
extrinsic to the veterinarian (10). Whilst the latter included
structural factors such as biosecurity and hygiene, economic
incentives and the role of the pharmaceutical industry, these
are positioned as shaping the conscious and sub-conscious
context in which veterinarians make decisions regarding their
treatment plans. However, social scientists have proposed that
not all antibiotic use flows through individuals and further
consideration needs to be given to networks: the channels that
mean antibiotics are present or absent, or their use is expected or
unexpected, in certain times and places (Table 1) (11).
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A growing number of researchers working in the livestock
sector have considered the networks of people, farm animals,
microbes, living conditions, markets, value chains, supply chains
and regulations through which antibiotic use patterns emerge
thus demonstrating the value of decentring the individual (102–
105). Future research in the companion animal sector could
adopt similar following methodologies to consider the flow of
antibiotics and ideas of their “appropriate use” through space
and time, far beyond the moment of their prescription in the
veterinary clinic (12).
Describing a social phenomenon requires analysis that moves
beyond individual accounts to consider collectively produced
understandings of illness, health and medicines use (106).
Situating accounts with other materials and observations can
help render visible and legible the social, political, and economic
structures that shape antibiotic use (107, 108). For example,
the social demands for specific dog breeds have resulted in
the intensification and commodification of certain forms of
canine bodies (109, 110). This in turn shapes the form of care—
including antibiotic use—that companion animal veterinarians
are required to practise (46). The prevailing practices vantage
point has caused these wider political and economic imperatives
in society that foster antibiotic use in companion animals to
be overlooked and future research projects should address this
knowledge gap.
Providing Information to Address Antibiotic
Use
Despite a deepening contextual understanding of antibiotic
use in companion animals—including insights into the roles
of interactions with owners, risk management, time pressures,
and clinic dynamics—existing research efforts to intervene have
centred on education and information provision to alter the
decision making of veterinarians (17, 20, 67, 111, 112) or owners
(113). Whilst providing access to guidelines to veterinarians
appears to cause some reduction in antibiotic use, it seems
insufficient to fully optimise practices (111, 112). However,
drawing firm conclusions from these studies is hampered by their
design—before and after protocols make it impossible to exclude
the effects of other longitudinal changes (20) whilst short-
term follow-up limits our understanding of the sustainability
of such interventions (67). Further high-quality evaluations are
needed (114).
Two larger scale studies have evaluated the impact of multi-
faceted interventions centred around information provision
in first opinion clinics in the Netherlands (n = 44) (115)
and the UK (n = 60) (116). Hopman et al. (115) evaluated
a stewardship programme—including benchmarking activities,
veterinarian education, owner information sheets and social
pledges—via a stepped wedged design, whereby clusters of clinics
were randomised to receive the intervention at regular intervals
following baseline assessment. A 15% reduction in total clinic
antibiotic use was modelled (95% CI: 7–22%, p< 0.01). However,
it is unclear which part(s) of the intervention were responsible for
the changes seen and if such an intensive intervention—including
the provision of locum staff to cover clinical duties—is feasible or
affordable in “real world” settings.
As part of their randomised controlled trial, Singleton
et al. (116) used the SAVSNET system to identify clinics
with higher than average HPCIA use. Clinics randomised to
the two intervention arms were provided with educational
materials, and those in the intensive intervention arm were
additionally enrolled in an education and reflection programme
including in-depth benchmarking information, and meetings
with clinical managers seeking to identify and address factors
contributing to their antibiotic use. At these sites, there was
a 23.5% reduction in canine consultations in which HPCIAs
were prescribed (0.5% of total consultations, 95% CI: 0.4–0.6,
p = 0.004) and a 39.0% reduction in the equivalent feline
consultations (4.4%, 95% CI: 3.4–5.3, p < 0.001). A smaller
reduction in HPCIA use was recorded in the less intensive
intervention arm (p = 0.700 in dogs; p = 0.030 in cats). This
trial also monitored the potential unintended consequences of
intervening: no statistically significant changes in euthanasia
rates were observed to coincide with a reduction in HPCIA use.
This is an important insight to reassure frontline veterinarians
and owners about changing ways of using antibiotics, especially
given their role in risk management identified by qualitative
studies. Further description and evaluation of the contents of
the meetings could aid a better understanding of the means by
which this intervention had impact: perhaps by via addressing
the barriers identified in these meetings and/or having regular
meetings with a senior manager who was scrutinising antibiotic
use in the clinic? It would be valuable to explore whether a peer-
led project would have the same impact and the sustainability of
such interventions.
These studies suggest developing policies and guidelines, and
providing training is an important step in optimising antibiotic
use. However, a lack of knowledge regarding their “appropriate”
use or awareness of AMR is not the sole driver of usage
patterns (11). The central role given to information provision
and education in efforts to address antibiotic use in companion
animals to date could reflect the use of specific research tools,
namely surveys of knowledge, awareness and practice, used to
characterise and explain the phenomenon (117). Future studies
in this field might reflect upon how research questions influence
proposed solutions, and consider a further diversification of
approaches. The interest in providing information has partly
obscured other contextual issues raised in the qualitative studies,
such as time pressures or the use of antibiotics “just in case.”
As acknowledged in these studies, these issues cannot be
fully resolved solely by educating veterinarians and/or owners
about appropriate use. Future interventions could, for example,
evaluate the impact of altering the risk-benefit ratio veterinarians
encounter when deciding whether to supply antibiotics and assess
the impact of stewardship initiatives on client turnover and the
financial sustainability of the clinic.
The literature included in this review largely focusses on
Europe and Australia and therefore it is questionable whether
its findings can be generalised to the other geographical and
economic contexts, particularly given that access to veterinary
care and the social standing of companion animals differ
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around the world. Future research conducted in a diverse
range of settings would help develop our understanding of
antibiotic usage levels in companion animal populations and the
local contexts surrounding their use. Developing an in-depth
understanding, perhaps through longitudinal studies following
animals over their life span, might help to elucidate potential
alternatives to antibiotic use such as engaging owners in
preventive veterinary care (51).
Understanding and addressing antibiotic use in human
healthcare has been the focus of considerable efforts (118) that
could inform initiatives in the companion animal veterinary
sector. Such an approach would align with One Health responses
to AMR that call for co-operation between human and animal
health domains (119). However, the companion animal sector
is assembled in a markedly different way: veterinary care is
provided to a partially insured population largely through a
network of private clinics. In some countries, such as the
UK, antibiotic sales form an important income stream for
veterinary clinics, a factor that has not required consideration
by the healthcare system there (the National Health Service or
NHS). Drawing on insights from human healthcare in countries
such as the United States with private systems serving partly
insured populationsmay help to supplement the existing research
literature in companion animals.
CONCLUSION
The research literature investigating antibiotic use in companion
animals has diversified beyond quantitative methods in
recent years, enabling a more nuanced understanding of this
social phenomenon. However, research efforts have remained
orientated around a positivist philosophy and the practices
lens (11). Further social science informed endeavours would be
a welcome addition to the growing array of quantitative and,
increasingly, qualitative studies listing factors held to shape
antibiotic use. Considering antibiotic use through the lenses of
networks and structures could be a valuable addition to efforts to
understand antibiotic use in this setting and contribute toward
the identification of stewardship approaches beyond providing
information to optimise antibiotic use.
AUTHOR CONTRIBUTIONS
AT wrote the first draft. CC, DB, and AM commented
on the draft. All authors approve the submitted
version of the manuscript and developed the remit
of the review and contributed toward identifying
relevant literature.
FUNDING
This research was financially supported by a Bloomsbury
Colleges Ph.D. studentship and an Antibiotics Research UK
research grant (ANTSRG 05/2018).
ACKNOWLEDGMENTS
This article presents an updated and extended version of a review
originally undertaken as part of the lead author’s doctoral thesis
investigating antibiotic use in companion animals.
SUPPLEMENTARY MATERIAL




1. PHE. UK One Health Joint Report on Human and Animal Antibiotic Use,
Sales and Resistance. (2013). London: Public Health England (2015).
2. Guardabassi L, Schwarz S, Lloyd DH. Pet animals as reservoirs of
antimicrobial-resistant bacteria. J Antimicrob Chemother. (2004) 54:321–
32. doi: 10.1093/jac/dkh332
3. Pomba C, Rantala M, Greko C, Baptiste KE, Catry B, van
Duijkeren E, et al. Public health risk of antimicrobial resistance
transfer from companion animals. J Antimicrob Chemother. (2017)
72:957–68. doi: 10.1093/jac/dkw481
4. Buckland EL, O’Neill D, Summers J, Mateus A, Church D, Redmond L,
et al. Characterisation of antimicrobial usage in cats and dogs attending
UK primary care companion animal veterinary practices. Vet Rec. (2016)
179:489. doi: 10.1136/vr.103830
5. Argudin MA, Deplano A, Meghraoui A, Dodemont M, Heinrichs A, Denis
O, et al. Bacteria from animals as a pool of antimicrobial resistance genes.
Antibiotics. (2017) 6:12. doi: 10.3390/antibiotics6020012
6. EMA. Reflection Paper on the Risk of Antimicrobial Resistance Transfer From
Companion Animals. London: European Medicines Agency (2015).
7. Middlemiss C. Encouraging responsible antibiotic use by pet owners. Vet
Rec. (2018) 182:410. doi: 10.1136/vr.k1484
8. Allerton F, Jeffery N. Prescription rebellion: reduction of antibiotic use
by small animal veterinarians. J Small Anim Pract. (2020) 61:148–
55. doi: 10.1111/jsap.13098
9. RUMA.NewMedicine Initiative for Pets and Horses Draws on Farm Livestock
Learnings. London: Responsible Use of Medicine in Agriculture Alliance
(2020). Availabe online at: https://www.ruma.org.uk/new-medicine-
initiative-for-pets-and-horses-draws-on-farm-livestock-learnings/
(accessed: June 2, 2021).
10. Servia-Dopazo M, Taracido-Trunk M, Figueiras A. Non-clinical
factors determining the prescription of antibiotics by veterinarians: a
systematic review. Antibiotics. (2021) 10:133. doi: 10.3390/antibiotics100
20133
11. Tompson AC, Chandler CIR. Addressing Antibiotic Use: Insights From Social
Science Around the World. London: London School of Hygiene & Tropical
Medicine (2021).
12. Chandler CIR, Hutchinson E, Hutchison C. Addressing Antimicrobial
Resistance Through Social Theory: An Anthropologically Oriented Report.
London: London School of Hygiene & Tropical Medicine (2016).
13. Odensvik K, Grave K, Greko C. Antibacterial drugs prescribed for dogs and
cats in Sweden and Norway 1990–1998. Acta Vet Scand. (2001) 42:189–
98. doi: 10.1186/1751-0147-42-189
14. Heuer OE, Jensen VF, Hammerum AM. Antimicrobial drug
consumption in companion animals. Emerg Infect Dis. (2005)
11:344–5. doi: 10.3201/eid1102.040827
15. Holso K, Rantala M, Lillas A, Eerikainen S, Huovinen P, Kaartinen L.
Prescribing antimicrobial agents for dogs and cats via university pharmacies
in Finland - patterns and quality of information. Acta Vet Scand. (2005)
46:87–93. doi: 10.1186/1751-0147-46-87
Frontiers in Veterinary Science | www.frontiersin.org 9 October 2021 | Volume 8 | Article 719547
Tompson et al. Understanding Antibiotic Use
16. Kvaale MK, Grave K, Kristoffersen AB, Norstrom M. The prescription
rate of antibacterial agents in dogs in Norway - geographical patterns and
trends during the period 2004–2008. J Vet Pharmacol Ther. (2013) 36:285–
91. doi: 10.1111/j.1365-2885.2012.01425.x
17. Bager F, Bortolaia V, Ellis-Iversen J, Hendriksen RS, Borck Høg B, Jensen
LB, et al. DANMAP 2016 - Use of antimicrobial agents and occurrence of
antimicrobial resistance in bacteria from food animals, food and humans in
Denmark. Denmark: statens Serum Institut, National Veterinary Institute,
Technical University of Denmark National Food Institute, Technical
University of Denmark (2017).
18. ESVAC. Sales of Veterinary Antimicrobial Agents in 31 European Countries
in 2017. Amsterdam, The Netherlands: The European Medicines
Agency (2019).
19. Rantala M, Holso K, Lillas A, Huovinen P, Kaartinen L. Survey of condition-
based prescribing of antimicrobial drugs for dogs at a veterinary teaching
hospital. Vet Rec. (2004) 155:259–62. doi: 10.1136/vr.155.9.259
20. Weese JS. Investigation of antimicrobial use and the impact of antimicrobial
use guidelines in a small animal veterinary teaching hospital: 1995–2004. J
Am Vet Med Assoc. (2006) 228:553–8. doi: 10.2460/javma.228.4.553
21. Black DM, Rankin SC, King LG. Antimicrobial therapy and aerobic
bacteriologic culture patterns in canine intensive care unit patients:
74 dogs (January-June 2006). J Vet Emerg Crit Care. (2009) 19:489–
95. doi: 10.1111/j.1476-4431.2009.00463.x
22. German AJ, Halladay LJ, Noble PJ. First-choice therapy for dogs
presenting with diarrhoea in clinical practice. Vet Rec. (2010) 167:810–
4. doi: 10.1136/vr.c4090
23. Escher M, Vanni M, Intorre L, Caprioli A, Tognetti R, Scavia G. Use of
antimicrobials in companion animal practice: a retrospective study in a
veterinary teaching hospital in Italy. J Antimicrob Chemother. (2011) 66:920–
7. doi: 10.1093/jac/dkq543
24. Wayne A, McCarthy R, Lindenmayer J. Therapeutic antibiotic use patterns
in dogs: observations from a veterinary teaching hospital. J Small Anim Pract.
(2011) 52:310–8. doi: 10.1111/j.1748-5827.2011.01072.x
25. Baker SA, Van-Balen J, Lu B, Hillier A, Hoet AE. Antimicrobial drug use
in dogs prior to admission to a veterinary teaching hospital. J Am Vet Med
Assoc. (2012) 241:210–7. doi: 10.2460/javma.241.2.210
26. Gomez-Poveda B, Moreno MA. Antimicrobial prescriptions for dogs in the
capital of Spain. Front Vet Sci. (2018) 5:309. doi: 10.3389/fvets.2018.00309
27. Robbins SN, Goggs R, Lhermie G, Lalonde-Paul DF,Menard J. Antimicrobial
prescribing practices in small animal emergency and critical care. Front Vet
Sci. (2020) 7:110. doi: 10.3389/fvets.2020.00110
28. Chirollo C, Nocera FP, Piantedosi D, Fatone G, Della Valle G, De
Martino L, et al. Data on before and after the traceability system
of veterinary antimicrobial prescriptions in small animals at the
university veterinary teaching hospital of Naples. Animals. (2021)
11:913. doi: 10.3390/ani11030913
29. Watson AD, Maddison JE. Systemic antibacterial drug
use in dogs in Australia. Aust Vet J. (2001) 79:740–
6. doi: 10.1111/j.1751-0813.2001.tb10888.x
30. De Briyne N, Atkinson J, Pokludova L, Borriello SP. Antibiotics
used most commonly to treat animals in Europe. Vet Rec. (2014)
175:325. doi: 10.1136/vr.102462
31. Barzelai ID, Whittem T. Survey of systemic antimicrobial
prescribing for dogs by Victorian veterinarians. Aust Vet J. (2017)
95:375–85. doi: 10.1111/avj.12637
32. Hardefeldt LY, Holloway S, Trott DJ, Shipstone M, Barrs VR, Malik R,
et al. Antimicrobial prescribing in dogs and cats in Australia: results of the
Australasian Infectious Disease Advisory Panel Survey. J Vet Intern Med.
(2017) 31:1100–7. doi: 10.1111/jvim.14733
33. Van Cleven A, Sarrazin S, de Rooster H, Paepe D, Van der Meeren S,
Dewulf J. Antimicrobial prescribing behaviour in dogs and cats by Belgian
veterinarians. Vet Rec. (2018) 182:324. doi: 10.1136/vr.104316
34. Ekakoro JE, Okafor CC. Antimicrobial use practices of veterinary clinicians
at a veterinary teaching hospital in the United States. Vet Anim Sci. (2019)
7:100038. doi: 10.1016/j.vas.2018.09.002
35. Galarce N, Arriagada G, Sanchez F, Venegas V, Cornejo J, Lapierre
L. Antimicrobial use in companion animals: assessing veterinarians’
prescription patterns through the first national survey in Chile. Animals.
(2021) 11:348. doi: 10.3390/ani11020348
36. Valiakos G, Pavlidou E, Zafeiridis C, Tsokana CN, Del Rio Vilas VJ.
Antimicrobial practices among small animal veterinarians in Greece:
a survey. One Health Outlook. (2020) 2:7. doi: 10.1186/s42522-020-0
0013-8
37. Hill PB, Lo A, Eden CA, Huntley S, Morey V, Ramsey S, et al.
Survey of the prevalence, diagnosis and treatment of dermatological
conditions in small animals in general practice. Vet Rec. (2006) 158:533–
9. doi: 10.1136/vr.158.16.533
38. Murphy CP, Reid-Smith RJ, Boerlin P, Weese JS, Prescott JF, Janecko N,
et al. Out-patient antimicrobial drug use in dogs and cats for new disease
events from community companion animal practices in Ontario. Can Vet J.
(2012) 53:291–8.
39. Pleydell EJ, Souphavanh K, Hill KE, French NP, Prattley DJ. Descriptive
epidemiological study of the use of antimicrobial drugs by companion
animal veterinarians in New Zealand. N Z Vet J. (2012) 60:115–
22. doi: 10.1080/00480169.2011.643733
40. Joosten P, Ceccarelli D, Odent E, Sarrazin S, Graveland H, Van Gompel
L, et al. Antimicrobial usage and resistance in companion animals: a
cross-sectional study in three European countries. Antibiotics. (2020)
9:87. doi: 10.3390/antibiotics9020087
41. O’Neill D. Surveillance: pointing the way to improved welfare for companion
animals. Vet Rec. (2013) 173:240–2. doi: 10.1136/vr.f4519
42. Sanchez-Vizcaino F, Jones PH, Menacere T, Heayns B, Wardeh M, Newman
J, et al. Small animal disease surveillance. Vet Rec. (2015) 177:591–
4. doi: 10.1136/vr.h6174
43. Mateus A, Brodbelt DC, Barber N, Stark KD. Antimicrobial usage in dogs
and cats in first opinion veterinary practices in the UK. J Small Anim Pract.
(2011) 52:515–21. doi: 10.1111/j.1748-5827.2011.01098.x
44. Radford AD, Noble PJ, Coyne KP, Gaskell RM, Jones PH, Bryan JG,
et al. Antibacterial prescribing patterns in small animal veterinary practice
identified via SAVSNET: the small animal veterinary surveillance network.
Vet Rec. (2011) 169:310. doi: 10.1136/vr.d5062
45. Singleton DA, Sanchez-Vizcaino F, Dawson S, Jones PH, Noble PJM,
Pinchbeck GL, et al. Patterns of antimicrobial agent prescription in a sentinel
population of canine and feline veterinary practices in the United Kingdom.
Vet J. (2017) 224:18–24. doi: 10.1016/j.tvjl.2017.03.010
46. Tompson AC, Chandler CIR,Mateus ALP, O’Neill DG, Chang Y-M, Brodbelt
DC. What drives antimicrobial prescribing for companion animals? A
mixed-methods study of UK veterinary clinics. Prev Vet Med. (2020)
183:105117. doi: 10.1016/j.prevetmed.2020.105117
47. Regula G, Torriani K, Gassner B, Stucki F, Muntener CR. Prescription
patterns of antimicrobials in veterinary practices in Switzerland. J Antimicrob
Chemother. (2009) 63:805–11. doi: 10.1093/jac/dkp009
48. HopmanNEM, van DijkMAM, Broens EM,Wagenaar JA, Heederik DJJ, van
Geijlswijk IM. Quantifying antimicrobial use in Dutch companion animals.
Front Vet Sci. (2019) 6:158. doi: 10.3389/fvets.2019.00158
49. Hur BA, Hardefeldt LY, Verspoor KM, Baldwin T, Gilkerson JR. Describing
the antimicrobial usage patterns of companion animal veterinary practices;
free text analysis of more than 4.4 million consultation records. PLoS ONE.
(2020) 15:e0230049. doi: 10.1371/journal.pone.0230049
50. Burke S, Black V, Sanchez-Vizcaino F, Radford A, Hibbert A, Tasker S. Use
of cefovecin in a UK population of cats attending first-opinion practices
as recorded in electronic health records. J Feline Med Surg. (2017) 19:687–
92. doi: 10.1177/1098612X16656706
51. Singleton DA, Pinchbeck GL, Radford AD, Arsevska E, Dawson S, Jones PH,
et al. Factors associated with prescription of antimicrobial drugs for dogs
and cats, United Kingdom, 2014–2016. Emerg Infect Dis. (2020) 26:1778–
91. doi: 10.3201/eid2608.191786
52. Summers JF, Hendricks A, Brodbelt DC. Prescribing practices of primary-
care veterinary practitioners in dogs diagnosed with bacterial pyoderma.
BMC Vet Res. (2014) 10:240. doi: 10.1186/s12917-014-0240-5
53. Singleton DA, Arsevska E, Smyth S, Barker EN, Jewell C, Brant
B, et al. Small animal disease surveillance: gastrointestinal disease,
antibacterial prescription and Tritrichomonas foetus. Vet Rec. (2019)
184:211–6. doi: 10.1136/vr.l722
Frontiers in Veterinary Science | www.frontiersin.org 10 October 2021 | Volume 8 | Article 719547
Tompson et al. Understanding Antibiotic Use
54. Singleton DA, McGarry J, Torres JR, Killick D, Jewell C,
Smyth S, et al. Small animal disease surveillance 2019: pruritus,
pharmacosurveillance, skin tumours and flea infestations. Vet Rec. (2019)
185:470–5. doi: 10.1136/vr.l6074
55. Singleton DA, Noble PJM, Sanchez-Vizcaino F, Dawson S, Pinchbeck GL,
Williams NJ, et al. Pharmaceutical prescription in canine acute diarrhoea:
a longitudinal electronic health record analysis of first opinion veterinary
practices. Front Vet Sci. (2019) 6:218. doi: 10.3389/fvets.2019.00218
56. Singleton DA, Stavisky J, Jewell C, Smyth S, Brant B, Sanchez-Vizcaino F,
et al. Small animal disease surveillance 2019: respiratory disease, antibiotic
prescription and canine infectious respiratory disease complex. Vet Rec.
(2019) 184:640–5. doi: 10.1136/vr.l3128
57. McGreevy P, Thomson P, Dhand NK, Raubenheimer D, Masters S, Mansfield
CS, et al. VetCompass Australia: a national big data collection system for
veterinary science. Animals. (2017) 7:74. doi: 10.3390/ani7100074
58. Hur B, Hardefeldt LY, Verspoor K, Baldwin T, Gilkerson JR. Using natural
language processing and VetCompass to understand antimicrobial usage
patterns in Australia. Aust Vet J. (2019) 97:298–300. doi: 10.1111/avj.
12836
59. Hardefeldt L, Hur B, Verspoor K, Baldwin T, Bailey KE, Scarborough R, et al.
Use of cefovecin in dogs and cats attending first-opinion veterinary practices
in Australia. Vet Rec. (2020) 187:e95. doi: 10.1136/vr.105997
60. UK-VARSS. UK Veterinary Antibiotic Resistance and Sales Surveillance
Report (UK-VARSS 2018). New Haw: Veterinary Medicines
Directorate (2019).
61. HopmanNEM, Portengen L, Heederik DJJ, Wagenaar JA, Van Geijlswijk IM,
Broens EM. Time trends, seasonal differences and determinants of systemic
antimicrobial use in companion animal clinics (2012–2015). Vet Microbiol.
(2019) 235:289–94. doi: 10.1016/j.vetmic.2019.07.016
62. Hardefeldt LY, Selinger J, Stevenson MA, Gilkerson JR, Crabb H, Billman-
Jacobe H, et al. Population wide assessment of antimicrobial use in dogs and
cats using a novel data source - a cohort study using pet insurance data. Vet
Microbiol. (2018) 225:34–9. doi: 10.1016/j.vetmic.2018.09.010
63. Knights CB, Mateus A, Baines SJ. Current British veterinary attitudes to the
use of perioperative antimicrobials in small animal surgery. Vet Rec. (2012)
170:646. doi: 10.1136/vr.100292
64. Jacob ME, Hoppin JA, Steers N, Davis JL, Davidson G, Hansen B, et al.
Opinions of clinical veterinarians at a US veterinary teaching hospital
regarding antimicrobial use and antimicrobial-resistant infections. J Am Vet
Med Assoc. (2015) 247:938–44. doi: 10.2460/javma.247.8.938
65. Lloyd D, Black C, Clark SM, Moss J, Loeffler A, Mateus A. Antimicrobial
Use and Implementation of Guidelines in UK Small Animal Practice.
(2016). Available online at: http://www.vetedit.com/clientFiles/resources/
OneHealthBMFposterUpdated_20218_131074871673232422.pdf (accessed:
June 2, 2021).
66. Jessen LR, Sorensen TM, Lilja ZL, Kristensen M, Hald T, Damborg P. Cross-
sectional survey on the use and impact of the Danish national antibiotic
use guidelines for companion animal practice. Acta Vet Scand. (2017)
59:81. doi: 10.1186/s13028-017-0350-8
67. Sarrazin S, Vandael F, Van Cleven A, De Graef E, de Rooster H, Dewulf J.
The impact of antimicrobial use guidelines on prescription habits in fourteen
Flemish small animal practices. De impact van advies omtrent het gebruik
van antimicrobiële middelen op het voorschrijfgedrag in veertien Vlaamse
praktijken voor kleine huisdieren. Vlaams Diergeneeskundig Tijdschrift.
(2017) 86:173–82. doi: 10.21825/vdt.v86i3.16287
68. Zhuo A, Labbate M, Norris JM, Gilbert GL, Ward MP, Bajorek BV,
et al. Opportunities and challenges to improving antibiotic prescribing
practices through a One Health approach: results of a comparative survey
of doctors, dentists and veterinarians in Australia. BMJ Open. (2018)
8:e020439. doi: 10.1136/bmjopen-2017-020439
69. Hughes LA, Williams N, Clegg P, Callaby R, Nuttall T, Coyne K,
et al. Cross-sectional survey of antimicrobial prescribing patterns in
UK small animal veterinary practice. Prev Vet Med. (2012) 104:309–
16. doi: 10.1016/j.prevetmed.2011.12.003
70. Norris JM, Zhuo A, Govendir M, Rowbotham SJ, Labbate M, Degeling
C, et al. Factors influencing the behaviour and perceptions of Australian
veterinarians towards antibiotic use and antimicrobial resistance. PLoS ONE.
(2019) 14:e0223534. doi: 10.1371/journal.pone.0223534
71. Hopman NEM, Mughini-Gras L, Speksnijder DC, Wagenaar JA, van
Geijlswijk IM, Broens EM. Attitudes and perceptions of Dutch companion
animal veterinarians towards antimicrobial use and antimicrobial resistance.
Prev Vet Med. (2019) 170:104717. doi: 10.1016/j.prevetmed.2019.104717
72. Hardefeldt LY, Gilkerson JR, Billman-Jacobe H, Stevenson MA, Thursky K,
Bailey KE, et al. Barriers to and enablers of implementing antimicrobial
stewardship programs in veterinary practices. J Vet Intern Med. (2018)
32:1092–9. doi: 10.1111/jvim.15083
73. Samuels R, Qekwana DN, Oguttu JW, Odoi A. Antibiotic prescription
practices and attitudes towards the use of antimicrobials among
veterinarians in the City of Tshwane, South Africa. PeerJ. (2021)
9:e10144. doi: 10.7717/peerj.10144
74. De Briyne N, Atkinson J, Pokludova L, Borriello SP, Price S.
Factors influencing antibiotic prescribing habits and use of
sensitivity testing amongst veterinarians in Europe. Vet Rec. (2013)
173:475. doi: 10.1136/vr.101454
75. Barbarossa A, Rambaldi J, Miraglia V, Giunti M, Diegoli G, Zaghini A.
Survey on antimicrobial prescribing patterns in small animal veterinary
practice in Emilia Romagna, Italy. Vet Rec. (2017) 181:69. doi: 10.1136/vr.1
04128
76. Hardefeldt LY, Browning GF, Thursky K, Gilkerson JR, Billman-Jacobe
H, Stevenson MA, et al. Antimicrobials used for surgical prophylaxis by
companion animal veterinarians in Australia.Vet Microbiol. (2017) 203:301–
7. doi: 10.1016/j.vetmic.2017.03.027
77. Currie K, King C, Nuttall T, Smith M, Flowers P. Expert consensus regarding
drivers of antimicrobial stewardship in companion animal veterinary
practice: a Delphi study. Vet Rec. (2018) 182:691. doi: 10.1136/vr.104639
78. AVMA. Understanding companion animal practitioners’ attitudes toward
antimicrobial stewardship. J Am Vet Med Assoc. (2015) 247:883–
4. doi: 10.2460/javma.247.8.883
79. Fowler H, Davis MA, Perkins A, Trufan S, Joy C, Buswell M, et al. A survey
of veterinary antimicrobial prescribing practices,Washington State 2015.Vet
Rec. (2016) 179:651. doi: 10.1136/vr.103916
80. Dyar OJ, Hills H, Seitz LT, Perry A, Ashiru-Oredope D. Assessing the
knowledge, attitudes and behaviors of human and animal health students
towards antibiotic use and resistance: a pilot cross-sectional study in the UK.
Antibiotics. (2018) 7:10. doi: 10.3390/antibiotics7010010
81. Hardefeldt L, Nielsen T, Crabb H, Gilkerson J, Squires R, Heller J, et al.
Veterinary students’ knowledge and perceptions about antimicrobial
stewardship and biosecurity-a national survey. Antibiotics. (2018)
7:34. doi: 10.3390/antibiotics7020034
82. Weese JS, Page SW, Prescott JF. Antimicrobial Stewardship in Animals.
Antimicrobial Therapy in Veterinary Medicine. In: Giguère S, Prescott
JF, Dowling PM, editors. Antimicrobial Therapy in Veterinary Medicine,
5th Edn. Iowa, IA; Oxford: John Wiley & Sons (2013). p. 117–
32. doi: 10.1002/9781118675014.ch7
83. BVA. Responsible Use of Antimicrobials in Veterinary Practice. London:
British Veterinary Association (2015).
84. BSAVA. PROTECT ME (2018). Available online at: https://www.bsava.com/
Resources/Veterinary-resources/PROTECT-ME (accessed: June 2, 2021).
85. FECAVA. FECAVA Advice on the Responsible Use of Antimicrobials. (2018).
Available online at: https://www.fecava.org/wp-content/uploads/2020/01/
FECAVA-Advice-on-Responsible-use-of-Antimicrobials-ENGLISH.pdf
(accessed: June 2, 2021).
86. Chipangura JK, Eagar H, Kgoete M, Abernethy D, Naidoo
V. An investigation of antimicrobial usage patterns by small
animal veterinarians in South Africa. Prev Vet Med. (2017)
136:29–38. doi: 10.1016/j.prevetmed.2016.11.017
87. Alcantara GLC, Pinello KC, Severo M, Niza-Ribeiro J. Antimicrobial
resistance in companion animals - Veterinarians’ attitudes and prescription
drivers in Portugal. Comp Immunol Microbiol Infect Dis. (2021)
76:101640. doi: 10.1016/j.cimid.2021.101640
88. Mateus AL, Brodbelt DC, Barber N, Stark KD. Qualitative study
of factors associated with antimicrobial usage in seven small
animal veterinary practices in the UK. Prev Vet Med. (2014)
117:68–78. doi: 10.1016/j.prevetmed.2014.05.007
89. Hopman NEM, Hulscher M, Graveland H, Speksnijder DC, Wagenaar
JA, Broens EM. Factors influencing antimicrobial prescribing by Dutch
Frontiers in Veterinary Science | www.frontiersin.org 11 October 2021 | Volume 8 | Article 719547
Tompson et al. Understanding Antibiotic Use
companion animal veterinarians: a qualitative study. Prev Vet Med. (2018)
158:106–13. doi: 10.1016/j.prevetmed.2018.07.013
90. Lavigne SH, Louis S, Rankin SC, Zaoutis TE, Szymczak JE. How companion
animal veterinarians in the United States perceive financial constraints on
antibiotic decision-making. Vet Rec. (2021) 188:e62. doi: 10.1002/vetr.62
91. Dickson A, Smith M, Smith F, Park J, King C, Currie K, et al.
Understanding the relationship between pet owners and their companion
animals as a key context for antimicrobial resistance-related behaviours: an
interpretative phenomenological analysis. Health Psych Behav Med. (2019)
7:45–61. doi: 10.1080/21642850.2019.1577738
92. Redding LE, Cole SD. Pet owners’ knowledge of and attitudes toward the
judicious use of antimicrobials for companion animals. J Am Vet Med Assoc.
(2019) 254:626–35. doi: 10.2460/javma.254.5.626
93. Cartelet C, Hobson-West P, Raman S, Millar K. Antimicrobial resistance
and companion animal medicine: examining constructions of responsibility
In: Springer S, Grimm H, editors. 14th Congress of the European Society
for Agricultural and Food Ethics. (2018). p. 13–16; Vienna, Austria. The
Netherlands: Wageningen Academic Publishers (2018). p. 296–301.
94. King C, SmithM, Currie K, Dickson A, Smith F, Davis M, et al. Exploring the
behavioural drivers of veterinary surgeon antibiotic prescribing: a qualitative
study of companion animal veterinary surgeons in the UK. BMC Vet Res.
(2018) 14:332. doi: 10.1186/s12917-018-1646-2
95. Smith M, King C, Davis M, Dickson A, Park J, Smith F, et al. Pet owner
and vet interactions: exploring the drivers of AMR. Antimicrob Resist Infect
Control. (2018) 7:46. doi: 10.1186/s13756-018-0341-1
96. BVA. 9 in 10 Vets Fear Antibiotic Resistance Means They Won’t Be Able
to Treat Infections in Pets. (2014). Available online at: https://www.bva.co.
uk/news-and-blog/news-article/9-in-10-vets-fear-antibiotic-resistance-
means-they-won-t-be-able-to-treat-infections-in-pets/ (accessed: June 2,
2021).
97. Cohn S. From health behaviours to health practices: an introduction. Sociol
Health Illn. (2014) 36:157–62. doi: 10.1111/1467-9566.12140
98. Will CM. Editorial: Beyond behavior? Institutions, interactions and
inequalities in the response to antimicrobial resistance. Sociol Health Illn.
(2018) 40:E1–9. doi: 10.1111/1467-9566.12735
99. Chandler CIR. Current accounts of antimicrobial resistance: stabilisation,
individualisation and antibiotics as infrastructure. Palgrave Commun. (2019)
5:53. doi: 10.1057/s41599-019-0263-4
100. Tompson A. Antibiotic use in pet dogs: an anthropologically informed,
mixed-methods study. [doctoral thesis]. London: London School of Hygiene
and Tropical Medicine (2021).
101. Denyer Willis L, Chandler CIR. Anthropology’s contribution to AMR
Control. AMR Control. (2018) 4:114–8.
102. Kirchhelle C. Pharming animals: a global history of antibiotics
in food production (1935–2017). Palgrave Commun. (2018)
4:96. doi: 10.1057/s41599-018-0152-2
103. Fortané N. Veterinarian ‘responsibility’: conflicts of definition and
appropriation surrounding the public problem of antimicrobial resistance
in France. Palgrave Commun. (2019) 5:67. doi: 10.1057/s41599-019-0273-2
104. Begemann S, Watkins F, Van Hoyweghen I, Vivancos R, Christley RM,
Perkins E. The Governance of UK dairy antibiotic use: industry-led
policy in action. Front Vet Sci. (2020) 7:557. doi: 10.3389/fvets.2020.
00557
105. Hinchliffe S, Butcher A, Rahman MM, Guilder J, Tyler C, Verner-Jeffreys D.
Production without medicalisation: risk practices and disease in Bangladesh
aquaculture. Geogr J. (2021) 187:39–50. doi: 10.1111/geoj.12371
106. Lambert H, Chen M, Cabral C. Antimicrobial resistance, inflammatory
responses: a comparative analysis of pathogenicities, knowledge
hybrids and the semantics of antibiotic use. Palgrave Commun. (2019)
5:85. doi: 10.1057/s41599-019-0293-y
107. Denyer Willis L, Chandler C. Quick fix for care, productivity, hygiene
and inequality: reframing the entrenched problem of antibiotic
overuse. BMJ Glob Health. (2019) 4:e001590. doi: 10.1136/bmjgh-2019-
001590
108. Broom A, Kenny K, Prainsack B, Broom J. Antimicrobial resistance as a
problem of values? Views from three continents. Critical Public Health.
(2020) 31:451–63. doi: 10.1080/09581596.2020.1725444
109. Bowles D, Richards L. The Trade in Puppies: Problems and Solutions. London:
Royal Society for the Prevention of Cruelty to Animals (2016).
110. Douglas C. Puppy-Farmed Dogs Show Worse Behaviour, Suffer ill Health
and Die Young – So Adopt, Don’t Shop. (2017). Available online at: https://
theconversation.com/puppy-farmed-dogs-show-worse-behaviour-suffer-
ill-health-and-die-young-so-adopt-dont-shop-83267 (accessed June 2,
2021).
111. Hubbuch A, Schmitt K, Lehner C, Hartnack S, Schuller S, Schupbach-Regula
G, et al. Antimicrobial prescriptions in cats in Switzerland before and after
the introduction of an online antimicrobial stewardship tool. BMC Vet Res.
(2020) 16:229. doi: 10.1186/s12917-020-02447-8
112. Lehner C, Hubbuch A, Schmitt K, Schuepbach-Regula G, Willi B, Mevissen
M, et al. Effect of antimicrobial stewardship on antimicrobial prescriptions
for selected diseases of dogs in Switzerland. J Vet InternMed. (2020) 34:2418–
31. doi: 10.1111/jvim.15906
113. Redding LE, Cole SD. Posters have limited utility in conveying a
message of antimicrobial stewardship to pet owners. Front Vet Sci. (2019)
6:421. doi: 10.3389/fvets.2019.00421
114. Ekiri A, Haesler B, Mays N, Staerk K, Mateus A. Evaluation of the
Implementation of the UK Antimicrobial Resistance (AMR) Strategy, 2013-
2018, Appendix 8: Impact of Guidelines and Recommendations on the Level
and Patterns of Antimicrobial Use in Livestock and Companion Animals.
London: Policy Innovation Research Unit, London School of Hygiene and
Tropical Medicine (2019).
115. Hopman NEM, Portengen L, Hulscher M, Heederik DJJ, Verheij
TJM, Wagenaar JA, et al. Implementation and evaluation of an
antimicrobial stewardship programme in companion animal clinics:
a stepped-wedge design intervention study. PLoS ONE. (2019)
14:e0225124. doi: 10.1371/journal.pone.0225124
116. Singleton DA, Rayner A, Brant B, Smyth S, Noble PM, Radford AD, et al. A
randomised controlled trial to reduce highest priority critically important
antimicrobial prescription in companion animals. Nat Commun. (2021)
12:1593. doi: 10.1038/s41467-021-21864-3
117. Haenssgen MJ, Charoenboon N, Thavethanutthanawin P, Wibunjak
K. Tales of treatment and new perspectives for global health
research on antimicrobial resistance. Med Humanit. (2020)
medhum-2020–011894. doi: 10.1136/medhum-2020-011894
118. Charani E, Holmes A. Antibiotic stewardship-twenty years in the making.
Antibiotics. (2019) 8:7. doi: 10.3390/antibiotics8010007
119. Robinson TP, Bu DP, Carrique-Mas J, Fevre EM, Gilbert M, Grace D, et al.
Antibiotic resistance is the quintessential One Health issue. Trans R Soc Trop
Med Hyg. (2016) 110:377–80. doi: 10.1093/trstmh/trw048
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.
Copyright © 2021 Tompson, Mateus, Brodbelt and Chandler. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.
Frontiers in Veterinary Science | www.frontiersin.org 12 October 2021 | Volume 8 | Article 719547
